. Agriculturally induced changes in riparian structure and function lead to habitat simplification, changes in trophic structure, and reduced biodiversity within riparian habitats of agricultural streams [11] [12] [13] .
The planting of herbaceous and forested riparian habitats (i.e., riparian buffers, riparian zones, riparian corridors) has been promoted by state and federal agricultural conservation programs in the United States primarily to improve nutrient, pesticide, and sediment retention within agricultural watersheds. A secondary objective in the planting of riparian habitats is to improve habitat for terrestrial and aquatic animals. Grass filter strips (CP21) are the most frequently planted riparian habitat type in the United States. The greatest usage of grass filter strips occurs in the Midwestern United States [14] , a region dominated by intensive row crop agriculture and a significant source of the agriculturally derived nutrients and pesticides contributing to the formation of hypoxic conditions in the Gulf of Mexico and the Great Lakes.
Grass filter strips are vegetated strips of cool or warm season grasses that range in width from 6 m (minimum) to 37 m (recommended maximum) and are planted parallel to agricultural streams [14, 15] . Previous research evaluating grass filter strips has consisted mostly of small scale studies documenting a wide variability in its effectiveness to uptake and retain nutrients, pesticides, and sediment [16] [17] [18] [19] [20] [21] . There is a limited amount of information on how planting grass filter strips influences the structure of riparian habitats adjacent to agricultural streams. Our previous results [14, 22] and those of Henningsen and Best [23] indicate that planted grass filter strips widen the riparian habitats of agricultural streams in the Midwestern United States.
Notably, we are not aware of previous studies that have evaluated how grass filter strips alter both the structure and function of riparian habitats adjacent to agricultural streams. Understanding how grass filter strips influence riparian habitats is critical to determining its ecological effects and whether it is contributing to the restoration of riparian habitats adjacent to agricultural streams. Particularly, information on the influence of grass filter strips on riparian habitats of channelized agricultural headwater streams is needed because grass filter strips are commonly planted adjacent to these streams that exhibit riparian and instream habitat degradation. To document the influence of grass filter strips we sampled riparian vegetation, quantified the input of coarse particulate organic matter and nutrients, and measured water temperature within unplanted riparian habitats, riparian habitats with grass filter strips, and forested riparian habitats of agricultural headwater streams in central Ohio. Specifically, our research hypothesis was planting grass filter strips will influence the structure and function of riparian habitats of channelized agricultural headwater streams.
Methods

Study sites
The Upper Big Walnut Creek (UBWC) watershed (Figure 1 ) is located in central Ohio (latitudes 40°06'00"-40°32'30", longitudes 82°56'00"-82°42'00") and is part of the Scioto River watershed, which is one of the most biologically diverse watersheds in Ohio [24] . UBWC watershed is located in the humid continental, hot summer climatic region of the United States. Daily air temperatures range from an average minimum of -9.6°C in January to an average maximum of 33.9°C in July [25] . The 30 year normal rainfall recorded near the southwest portion of the watershed was 985 mm [25] . Monthly distribution of rainfall exhibits a bimodal distribution with a primary peak in late spring and early summer and a secondary peak in late fall and early winter. Thunderstorms during the spring and summer produce short duration intense rainfalls. Moisture from December to March occurs primarily in the form of frozen precipitation or snow. Dominant land use in the UBWC watershed is cropland consisting of corn or soybean. The majority of headwater streams in the watershed are impaired by nutrient enrichment, pathogens, and habitat degradation stemming from current agricultural management practices [26] . The UBWC watershed is one of three Conservation Reserve Enhancement Program (CREP) watersheds in Ohio. The UBWC CREP was established to protect the Hoover Reservoir that serves as the primary drinking water source for residents of Columbus, Ohio. The UBWC CREP seeks to remove 14.2 km 2 of cropland from production and replace it with either native grasses, trees, or other vegetation. The UBWC CREP was designed so that the planting of grass filter strips adjacent to agricultural streams would be the most commonly used conservation practice and implemented within 9.3 km 2 in the watershed. Six study sites ( Figure 1 , Figure S1 ) located on private land were selected based on a priori habitat criteria: 1) first or second order headwater streams; 2) dominant land use in the watershed was row-crop agriculture; and 3) the presence of one of three riparian habitat types. Two unplanted riparian habitat sites were selected because they lacked grass filter strips and possessed riparian zones that exhibited habitat conditions typical of headwater streams within the UBWC [27] . Unplanted riparian habitats are disturbed riparian habitats exhibiting narrow riparian widths and consisting mostly of herbaceous vegetation established through natural colonization and existing seed banks. Two grass filter strip sites were selected because they contained grass filter strips on both sides of the stream that were planted between 2004 and 2005 through the UBWC CREP. Planting of grass filter strips as part of the UBWC CREP typically involves preparation of a firm seedbed followed by drill planting to a uniform depth of 0.64 cm a mixture of warm season grasses [switchgrass (Panicum virgatum), Indian grass (Sorghastrum nutans), big bluestem (Andropogon geradi),] and forbs or a mixture of cool season grasses [timothy (Phleum pratense), orchard grass (Dactylis glomerata)] and red clover (Trifolium pratense). Fertilizer and lime applications as part of planting filter strips occur on an as needed basis as determined by NRCS personnel. Two forested riparian habitat sites were selected because they contained forested riparian habitats with trees > 5 m tall. Our site selection resulted in a replicated space-fortime experimental design [22] that enables us to use the unplanted riparian habitats and forested riparian habitats as opposing reference points for evaluating the influence of grass filter strips on the structure and function of riparian habitats adjacent to channelized agricultural headwater streams. 
Riparian structure
We conducted vegetation surveys to measure riparian structure (i.e., vertical vegetative structure, woody vegetation diversity, woody vegetation abundance and density, riparian width, canopy cover) in each site from 27 August 2013 to 29 October 2013. We noted the presence and absence of herbaceous and woody vegetation within four height stratas (0 to 0.5 m, 0.5 to 2 m, 2 m to 5 m, and > 5 m) in twelve 1 m wide x 10 m long quadrats that begin at the water's edge and coincide with locations of six transects that are distributed every 25 m throughout each site ( Figure  2 ). We also enumerated and identified woody vegetation > 1 m tall within each quadrat. We measured riparian widths with a Real Time Kinematic system. Riparian widths were determined by calculating the straight-line distance between coordinate measurements obtained at the water's edge and the edge of the agricultural fields ( Figure 2 ). We measured riparian canopy cover using a convex spherical densiometer while facing upstream in the middle of each quadrat.
Riparian function
We used water-filled leaf litter traps to measure CPOM (coarse particulate organic matter) input, nutrient input, and water temperature within each site. We randomly placed four leaf litter traps filled with 10.3 L of deionized water within each site. Deionized tap water was used to ensure that water within our litter traps was free of nutrients and other contaminants at the beginning of the study. At each site four litter traps consisting of plastic buckets were placed on flat, stable surfaces near the locations of four transects (i.e., transect 25, transect 50, transect 75, transect 100) used for vegetation sampling. Two similarly sized litter traps (0.08 m 2 surface area &17.6 L maximum volume; 0.06 m 2 surface area & 18.9 L maximum volume) were used in each site because we did not have enough litter traps of the same size. We used a systematic random selection process to ensure our placement of the two types of litter traps throughout each site was unbiased and that the riparian habitat on each side of the stream contained one of each size litter trap (Figure 2 ). Litter traps within unplanted riparian habitats were located on average 2.8 m from the water's edge and 4.4 m from the agricultural field's edge. Litter traps within grass filter strips were on average 4.8 m from the water's edge and 24.6 m from the edge of agricultural fields. Litter traps within forested riparian habitats were on average 1.9 m from the water's edge and 51.2 m from the edge of agricultural fields. Litter traps remained in each site for 89 days from 3 June 2013 to 30 August 2013. Several heavy rainfall events occurred that resulted in flooding of the streams on 11 July 2013 (day 38) and seven litter traps being overtopped, knocked over, and/or transported downstream. On day 42 we replaced two litter traps within one unplanted riparian habitat site, one litter trap within one grass filter strip site, and four litter traps within two forested riparian habitat sites. One litter trap within one forested riparian habitat site that was replaced on day 42 was knocked over again on day 65 and was not replaced.
Water samples for measurements of nutrient concentrations and subsequent determination of nutrient input were collected on days 11, 42, and 87. One temperature logger was placed within a litter trap at each site and then rotated weekly through the remaining three litter traps so that water temperature measurements were recorded from each litter trap for one week during each month of our three month study. The temperature loggers were programmed to record hourly water temperatures. Water depth was recorded weekly in each litter trap using a meter stick.
Litter traps were transported back to the lab at the end of the experiment (day 89). On day 89 the contents of each trap were initially filtered through a 250 micron sieve and all organic matter retained on the 250 micron sieve was preserved with a 70% ethanol-rose bengal solution. To separate out CPOM > 1 mm diameter we used nested 1 mm and 250 micron sieves and all organic matter captured on the 1 mm sieve was preserved in 70% ethanol until CPOM processing. CPOM was identified and separated into five CPOM types: leaves, woody material, herbaceous material, seeds and fruit, and terrestrial insects. After identification each CPOM type was placed into a pre-weighed paper bag and allowed to air dry for 24 hours. After air-drying CPOM samples were placed into an oven for 96 hours at 55°C. Each dried CPOM sample was weighed to determine the dry mass of CPOM. Nutrient concentrations were determined colorimetrically. Ammonia and nitrate + nitrite concentrations were determined by the application of copperized-cadmium reduction method and dissolved reactive phosphorus was determined by the ascorbic reduction method [28] . Unfiltered samples were oxidized using the alkaline persulfate method for total nitrogen and total phosphorus measurements with subsequent determination of nitrate + nitrite and dissolved reactive phosphorus [29] . Heated persulfate oxidation with a total organic carbon analyzer was used to determine dissolved organic carbon concentrations [30] .
Statistical analyses
We calculated 16 response variables describing the vertical structure, physical characteristics, and biological structure of the riparian habitat in each site. We used information on the occurrence of herbaceous and woody vegetation within each of the four height stratas in each quadrat to calculate herbaceous structural richness, woody structural richness, percent maximum frequency of herbaceous vegetation, percent maximum frequency of woody vegetation, Shannon herbaceous structural diversity, and Shannon woody structural diversity. These six response variables describe the diversity of vertical structure of herbaceous and woody vegetation within each site that can influence plant and animal community structure. Herbaceous and woody structural richness is the number of height strata within a site containing herbaceous or woody vegetation. Percent maximum frequency of herbaceous and woody vegetation is the sum of the percent occurrence of herbaceous and woody vegetation within 12 quadrats within each height strata divided by the maximum possible sum of the percent occurrence of herbaceous and woody vegetation that could be found within the 12 quadrats for three herbaceous vegetation height strata or four woody vegetation height strata combined (i.e., 300 for herbaceous vegetation and 400 for woody vegetation). We calculated herbaceous and woody structural diversity using the Shannon diversity index and the percent occurrence of herbaceous and woody vegetation within 12 quadrats in each height strata [31] . We also calculated mean and standard deviation of percent canopy cover and riparian width for each site to describe the physical characteristics of the riparian habitats of each site.
We used information obtained from our identification of woody vegetation to calculate six response variables (taxa richness, abundance, mean density, Shannon diversity index, Shannon evenness index, woody vegetation importance value) to describe the biological structure (i.e., the diversity and abundance of woody vegetation) within each site. We were not able to identify some specimens to species level and used genus level identifications for the calculation of taxa richness, Shannon diversity index, and Shannon evenness index to enable us to use our full dataset for these analyses. Taxa richness is the number of woody vegetation genera within a site. Abundance is the number of woody vegetation > 1 m tall found within each site. Mean density is the average number per m 2 of woody vegetation > 1 m tall found within the 12 quadrats in each site. We calculated the Shannon diversity index [31] and Shannon evenness index (Shannon diversity index divided by the natural logarithm of taxa richness, [31] ). The woody vegetation importance value was calculated as the sum of the relative frequency of woody vegetation [i.e., sum of the percent occurrence of woody vegetation/(sum of the percent occurrence of woody vegetation plus sum of the percent occurrence of herbaceous vegetation)] and mean woody vegetation density for each site.
We calculated four CPOM response variables (CPOM input, leaf input, woody input, herbaceous input), six nutrient input response variables (ammonia input, nitrate+nitrite input, dissolved reactive phosphorus input, total nitrogen input, total phosphorus input, dissolved organic carbon input), and six water temperature response variables (range, standard deviation, minimum, maximum, mean, number of days > 30 o C) to describe riparian function within each site. CPOM input is the total weight of all five CPOM types that occurred within four litter traps in each site. Leaf input is the total weight of leaves that occurred within the four litter traps in each site. Woody input is the total weight of all woody material that occurred within the four litter traps each site. Herbaceous input is the total weight of herbaceous material from grass and other herbaceous plants that occurred within the four litter traps in each site. CPOM inputs from the six litter traps that were reset on day 42 were standardized by calculating CPOM input per day and then calculating an estimated weight for duration of the entire study (89 days). We determined the total grams of each nutrient present in each leaf litter trap on days 11, 42, and 87 by multiplying the nutrient concentration on each day by the water volume on each day. Nutrient input for each litter trap was then calculated as the sum of the gain in nutrients from day 11 to 42 and the gain from day 42 to 87. Thus, the nutrient input for the site is the sum of the gain in each nutrient from all four litter traps. Nutrient inputs from the six litter traps that were reset on day 42 were standardized by calculating the nutrient input per day and then calculating an estimated nutrient input for a 76 day period. The time period for standardization of nutrient input was shorter than CPOM input because the first water sample was collected on day 11 and the last water sample was collected on day 87. The number of days that mean daily temperature was > 30°C was calculated for each site to determine if the water temperature within the litter traps reached the thermal limit of tolerance for most aquatic insects [32] .
A single factor analysis of variance (ANOVA) coupled with a post-hoc Tukey test was used to evaluate the hypothesis that riparian structure and function differed among the three riparian habitat types. All response variables were tested to see if they met the assumptions of normality and equal variance using the Shapiro-Wilk test and the Levene's test. Five riparian structure response variables did not meet the assumptions of normality and equal variance and were either log X+1 (mean woody vegetation density, Shannon diversity index, woody vegetation importance value) or arcsine square root transformed (percent maximum frequency of woody vegetation, mean percent canopy cover) prior to ANOVA analyses. Seven riparian function response variables (CPOM input, leaf input, woody input, herbaceous input, ammonia input, nitrate + nitrite input, mean water temperature) did not meet the assumptions of normality and equal variance and were log X+1 transformed prior to ANOVA analyses. All statistical tests were conducted using JMP [33] with a significance level of P < 0.05.
Results
Riparian structure
We observed that percent maximum frequency of woody vegetation, canopy cover, riparian width, taxa richness, and abundance differed among riparian habitat types (Table 1) . Mean percent maximum frequency of woody vegetation was greater in forested riparian habitats than either grass filter strips or unplanted riparian habitats (Table 2) . Additionally, no difference in percent maximum frequency of woody vegetation occurred between grass filter strips and unplanted riparian habitats (Table 2) . Mean percent canopy cover was greater in forested riparian habitats than grass filter strips ( Table 2) . Mean percent canopy cover of unplanted riparian habitats did not differ from either grass filter strips or forested riparian habitats (Table 2) . Mean riparian width of forested riparian habitats was greater than unplanted riparian habitats ( Table 2) . Mean riparian widths of grass filter strips did not differ from either unplanted riparian habitats or forested riparian habitats (Table 2) .
Taxa richness of woody vegetation was greater in forested riparian habitats than grass filter strips ( Table  2) . Taxa richness of unplanted riparian habitats did not differ from grass filter strips or forested riparian habitats ( Table 2 ). The abundance of woody vegetation in forested riparian habitats was greater than unplanted riparian habitats ( Table 2 ). The abundance of woody vegetation in grass filter strips did not differ from unplanted or forested riparian habitats (Table 2) . Unplanted riparian habitats and grass filter strips were numerically dominated (68 -75% of all trees) by dogwood (Cornus spp.) (Table 3 ). In contrast, the relative abundance of dogwood was reduced within forested riparian habitats (31%) and this riparian habitat type contained a greater relative abundance of hardwoods and understory taxa than the other riparian habitat types (Table 3) .
No difference in herbaceous vertical structure (i.e., structural richness, percent maximum frequency, Shannon structural diversity), woody vertical structural richness, Shannon woody structural diversity, standard deviation of canopy cover, standard deviation of riparian width, woody vegetation density, Shannon diversity index, Shannon evenness index, and woody vegetation importance value occurred among riparian habitat types ( Table 1, Table 2 ). 
Riparian function
Our results indicated that CPOM input, leaf input, and herbaceous input differed among riparian habitat types (Table 4) . CPOM input within forested riparian habitats was greater than CPOM input in grass filter strips, but did not differ from CPOM input in unplanted riparian habitats ( Figure 3 ). CPOM input within grass filter strips did not differ from CPOM input within unplanted riparian habitats ( Figure 3 ). The same trend was observed for leaf input ( Figure 4 ) and herbaceous input ( Figure 5 ). We also found that mean water temperature differed among riparian habitat types (Table 4) . Mean water temperature was less in litter traps located within the forested riparian habitats than those placed within unplanted riparian habitats and grass filter strips ( Figure 6 ). Woody input did not differ among the three riparian habitats ( Table 4 ). The input of ammonia, nitrate + nitrite, dissolved reactive phosphorus, total nitrogen, total phosphorus, and dissolved organic carbon also did not differ among riparian habitat types (Table 4) . Additionally, the range of water temperature, standard deviation of water temperature, minimum water temperature, maximum water temperature, and number of days > 30°C did not differ between riparian habitat types (Table 4) .
Discussion
Our comparisons of unplanted riparian habitats and grass filter strips indicates that planting grass filter strips simply increases riparian widths and does not alter vertical structure of herbaceous and woody vegetation, canopy cover, the biological structure, CPOM input, allochthonous nutrient input, and water temperatures within riparian habitats adjacent to channelized agricultural headwater streams eight to nine years after planting. Thus, we rejected our hypothesis that planting grass filter strips would alter the structure and function of riparian habitats of channelized agricultural headwater streams. These results are consistent with our previous results [14, 22] evaluating the influence of grass filter strips on the structure of riparian habitats of channelized agricultural headwater streams. Our preliminary results [22] from data collected one to two years after planting grass filter strips documented that riparian widths of grass filter strips were wider than unplanted riparian habitats, but no differences in canopy cover or woody vegetation density occurred between these two riparian habitat types. Our analysis [14] of data collected four to six years after planting found that grass filter strips had greater riparian widths than unplanted riparian habitats, but did not differ in vertical structure of herbaceous and woody vegetation, canopy cover, or mean woody vegetation density four to six years after planting. Henningsen and Best [23] also found that grass filter strips led to widening of unplanted herbaceous riparian habitats and forested riparian habitats adjacent to agricultural streams in Iowa three to four years after planting.
We also observed that herbaceous riparian habitats (i.e., unplanted and grass filter strips) exhibited reduced vertical structure of woody vegetation, canopy cover, riparian width, woody vegetation taxa richness, and woody vegetation abundance compared to forested riparian habitats. These results are consistent with others [5, 7, [34] [35] [36] who have quantified the impacts of agriculture on riparian habitats. Berges et al. [36] observed greater tree density, greater percentage trees and shrubs, and greater maximum canopy height in planted forested riparian habitats compared to row crop and pasture within an agricultural watershed in Iowa. Kyriakeas and Watzin [35] documented that forested riparian habitats in Vermont CPOM input within riparian habitats. Increased CPOM input, decreased herbaceous input, and increased leaf and woody input occurred as the composition of the riparian habitat shifted from herbaceous riparian habitat to a mixed herbaceous-shrub riparian habitat to forested riparian habitat along a prairie stream in Kansas [37] and along a fifth order stream in Idaho [4] . Neatrour et al. [8] documented that reductions in riparian forest width as result of agriculture led to decreases in tree density and CPOM inputs within riparian habitats adjacent to a small river in North Carolina. Sites with < 5 m forested riparian widths had less tree density and less CPOM input than sites having forested riparian widths > 5 m [8] . Oelbermann and Gordon [39] documented leaf and woody input decreased with decreasing riparian width and increasing disturbance (i.e., thinning) within planted forested riparian habitats adjacent to an agricultural headwater stream in Ontario, Canada. Pozo et al. [38] found that changes in the species composition from a Eucalyptyus forest to a deciduous forest resulted in changes in the composition of CPOM input and the timing of CPOM input within first order streams in Spain. Reid et al. [40] observed that riparian habitats with greater canopy cover (65% or more) had greater CPOM input than sites with lesser canopy cover (< 46%) within riparian habitats of agricultural streams in Australia.
had greater amounts of deciduous or coniferous trees than riparian habitats adjacent to intensively grazed cattle fields and row crops that consisted of mostly of grass and shrubs. Jobin et al. [7] found that decreases in herbaceous and woody vegetation diversity and decreases in vertical structure of woody vegetation occurred from forested riparian habitats to shrub-dominated riparian habitats to herbaceous riparian habitats within an agricultural watershed in Quebec, Canada. Harrison and Harris [34] documented that riparian habitats of intensively grazed riparian habitats of chalk streams in England exhibited decreased vertical structure and were dominated by herbaceous vegetation while ungrazed riparian habitats had greater amounts of woody vegetation and greater vertical structure. Mendez-Toribio et al. [5] observed that the species richness, diversity, number of unique species, and density of woody vegetation decreased within riparian habitats adjacent to agricultural fields compared to those adjacent to forested habitats in Mexico.
We also observed that herbaceous riparian habitats (i.e., unplanted riparian habitats and grass filter strips) exhibited decreased CPOM input and increased water temperatures compared to forested riparian habitats. These results are consistent with others [4, 8, [37] [38] [39] [40] who documented how changes in riparian structure alters Our results are also consistent with others [13, [41] [42] [43] ] who have documented decreased water temperatures within containers or aquatic habitats within forested riparian habitats having greater canopy cover than those within herbaceous riparian habitats. Williams et al. [41] documented that containers placed in forested habitats had reduced water temperatures compared to containers placed in open fields in Canada. Nilsson and Svensson [42] found that snowmelt pools within forested regions of Sweden with greater canopy cover were cooler than pools in clear-cut areas with reduced canopy cover. Mokany et al. [43] also found that increasing the amount of the shade found over temporary pools in Australia reduced water temperature within the pools. Despite an inability to account for the effect of time of day on water temperature measurements, Seger et al. [13] periodically observed that water temperatures in water filled containers within forested riparian habitats having greater canopy cover were less than water temperatures in containers within herbaceous riparian habitats with less canopy cover adjacent to agricultural headwater streams in central Ohio.
We did not observe a difference in nutrient input among riparian habitat types. Seger et al. [13] reported similar results and did not observed differences in ammonia, nitrate + nitrite, dissolved reactive phosphorus, total nitrogen, total phosphorus, and dissolved organic carbon concentrations between water filled containers within forested and herbaceous riparian habitats adjacent to agricultural headwater streams in central Ohio. Total nitrogen concentrations did not differ between discarded tires found in forested and unforested sites in Illinois, but greater total phosphorus concentrations occurred within discarded tires within forested than unforested sites [44] . Our nutrient input results and the nutrient concentration results of Seger et al. [13] suggest that perhaps allochthonous nutrient input originating from within the riparian habitat during the summer does not differ among riparian habitat types. Future research is needed to confirm this observation.
Others [36, [45] [46] [47] [48] [49] have suggested that it will take at least 10 years for grass filter strips and other types of vegetative conservation practices to fully establish. The development of woody vegetation structure may require longer time periods depending on the tree growth rates following planting. Riparian restoration projects that plant fast growing tree species and protect the newly planted trees from herbivory and competition could achieve restoration within 15 years, while projects that plant slower growing species and choose not to use protective measures might require as long as 35 years for restoration of forested riparian habitats [45] . Within an agricultural watershed in Iowa planted forested riparian habitats that were at least 14 years old had greater vertical structure and greater variety of tree and shrub sizes than nine year old and two year old planted forested riparian habitats that were still dominated by herbaceous vegetation [36] . While planted forested riparian habitats protected from cattle by fencing exhibited greater woody vegetation species richness compared to unprotected riparian habitats, these planted forested riparian habitats still exhibited less woody vegetation species richness and abundance than unimpacted forested riparian habitats ten years after planting within an agricultural watershed in Scotland [49] . The development of riparian function following planting is also likely to require at least a decade. Long term plot studies conducted in Nebraska found that it took ten years for planted grass filter strips and planted forested riparian habitats to function as effective nutrient and sediment filters [46] . A watershed scale assessment conducted in Pennsylvania documented that it took 15 years for a planted forested riparian habitat to reduce instream nitrate within an agricultural headwater stream [48] .
We acknowledge it is possible that more time is needed for the grass filter strips in our study sites to mature. However, our current and past research results have not provided any evidence to suggest that the structure and function of grass filter strips will change with over time. Our previous [14, 22] and current comparisons of vertical structure, canopy cover, and woody vegetation density between unplanted riparian habitats and grass filter strips indicate that riparian structure has not changed over the past eight years. Riparian habitats of channelized agricultural headwater streams are subject to riparian management activities that involve removal of woody vegetation by mowing, physical removal with machines or animals, and/or herbicide applications. Both of our grass filter strip sites have been mowed at least once since the grass filter strips were planted. Bradburn et al. [10] observed that mowing and other riparian activities implemented by landowners within CREP planted forested riparian habitats in Virginia reduced survival of planted trees and severely reduced natural regeneration of woody vegetation. Henningsen and Best [23] also noted that removal of woody vegetation by landowners from riparian habitats adjacent to agricultural streams in Iowa resulted in reduced amounts of woody vegetation and reduced vertical structure. Riparian structure and function is unlikely to develop within grass filter strips as long as agricultural related disturbances, such as the removal of woody vegetation, continue to occur.
We recommend that outreach efforts to agricultural landowners and farmers expand from promoting riparian buffers or barriers for water quality benefits to a more comprehensive riparian habitat management approach that promotes multiple ecosystem services of water quality benefits, increased riparian plant and animal biodiversity, increased CPOM inputs, and water temperature regulation. The sole emphasis by agricultural conservation programs on the value of riparian habitats simply as water quality buffers has resulted in numerous other ecosystem services being overlooked by the agricultural community [21] . Our current and past results [14, 22] combined with findings from others [8, 11, 21, 37, 39, 40, 48] indicate that forested riparian habitats provide a greater number of ecosystem services than grass filter strips (Table 5 ). Watershed managers, state agencies, federal agencies, and landowners need to be aware that planting grass filter strips adjacent to channelized agricultural headwater streams with subsurface tile drainage is likely only providing increased habitat area for terrestrial wildlife (Table 4) . Planting grass filter strips is not achieving their primary purpose of decreasing nutrients and pesticides in the streams because the tile drains enable the runoff to bypass the filter strip and directly enter the streams [14, 50] .
Our results also indicate that planting grass filter strips is not contributing to the restoration of the structure or function of riparian habitat of channelized agricultural headwater streams. Historically upland and riparian habitats within much of Ohio and portions of the Midwestern United States east of the Mississippi River were forested [21, 51, 52] . Our findings suggest the development of woody vegetation within riparian habitats of agricultural headwater streams is required for improving riparian function and increasing the ecosystem services provided by riparian habitats. Thus, forested riparian habitats adjacent to agricultural headwater streams in the Midwest represent a suitable restoration target regardless of whether one views restoration from the traditional sense (i.e., reestablishment of historical communities) or the current view (i.e., reestablishment of ecosystem structure and function). We recommend promoting the following passive riparian management practices for use with planting grass filter strips with warm season grasses: 1) halting or limiting of mowing of riparian habitats; 2) halting the pulling of whole trees and shrubs out of the soil within the riparian habitats; 3) halting the use of herbicides to kill trees and shrubs within the riparian habitats; 4) fencing to prevent cattle access to riparian habitats; and 5) simply allowing trees and shrubs to colonize via wind dispersal or to develop from the seed bank. The planting of grass filter strips is a critical first step to widen the riparian widths and ensure the initial establishment of native herbaceous vegetation. The use of the passive riparian management practices will overtime enable the establishment of woody vegetation within riparian habitats of channelized agricultural headwater streams through the process of succession. Additionally, passive riparian management practices will require less time and effort by landowners and farmers than current practices that involve actively removing woody vegetation.
In conclusion, planting grass filter strips does not alter the structure or function of riparian habitats of channelized agricultural headwater streams in central Ohio. This finding has important management implications as it indicates a widely used agricultural conservation practice, (i.e., CP21 -planted grass filter strip) is not contributing to the conservation or restoration of degraded riparian habitats adjacent to these small streams. Outreach efforts that promote the reestablishment of forested riparian habitats and increase the agricultural community's understanding of the valuable ecosystem services provided by forested riparian habitats are needed to assist with future riparian conservation and restoration efforts in the Midwestern United States. current USDA-ARS Soil Drainage Research Unit personnel for their assistance with laboratory work and logistical support. Landowner and site information were provided by Soil and Water Conservation and NRCS districts in Delaware and Morrow counties. The USDA ARS Midwest Area Office provided partial funding for this research through their 2013 summer internship program. We also are grateful to the landowners who provided access to the sites. 
